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In honeybee colonies, food collection is performed by a group of mostly sterile females called workers. After an initial nest phase, workers begin foraging for nectar and pollen, but tend to bias their collection towards one or the other. Although foraging choices of honeybees are influenced by vitellogenin, an eggyolk precursor protein, workers typically do not lay eggs. The forager reproductive ground plan hypothesis (RGPH) proposes an evolutionary path in which the behavioural bias towards collecting nectar or pollen on foraging trips is influenced by variation in reproductive physiology, such as hormone levels and vitellogenin (vg) gene expression. Recently, the connections between vitellogenin and foraging behaviour were challenged by Oldroyd & Beekman (2008) , who concluded from their study that the ovary, and especially vitellogenin, played no role in foraging behaviour of bees. We address their challenge directly by manipulating vg expression by RNA interference (RNAi) mediated gene knockdown in two honeybee genotypes with different foraging behaviour and reproductive physiology. We found that vg affected the food-loading decisions of the workers only in the genotype in which the timing of foraging onset (by age) was also sensitive to vitellogenin levels. In the second genotype, changing vitellogenin levels did not affect foraging onset or bias. The effect of vitellogenin on workers' age at foraging onset is explained by the well-supported double repressor hypothesis (DHR), which describes a mutually inhibitory relationship between vitellogenin and juvenile hormone (JH), an endocrine factor that influences development, reproduction and behaviour in many insects. These results support the RGPH and demonstrate how it intersects with an established mechanism of honeybee behavioural control. Ó 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Recent advances in functional genomics have enabled new insights and the direct testing of hypotheses about the molecular regulation of behaviour. The eusocial honeybee has emerged as a model organism for the study of molecular mechanisms that can influence complex social behaviour (Grozinger & Robinson 2007; Marco Antonio et al. 2008) . Worker bees are functionally sterile females that progress through a series of age-associated tasks, starting with in-nest tasks, such as brood care, and ending with outside-the-nest foraging (Seeley 1982) .
Foraging division of labour is one aspect of the social behaviour of worker honeybees. As foragers, workers collect water, pollen and nectar, which are resources for the colony as a whole. Individual bees bias their collection towards either the carbohydrate (nectar) or the protein (pollen) source. The bias for carbohydrate or protein collection correlates with variation in worker behaviour and physiology. In commercial honeybee stocks, pollen collection bias is associated with early progression from nest tasks to foraging (foraging onset), increased gustatory responsiveness, high peak titres of the yolk precursor protein vitellogenin and increased ovariole number (a measure of ovary size), while nectar bias correlates with the opposite traits (Pankiw & Page 2000; Amdam et al. 2006a; Tsuruda et al. 2008) . These many trait associations suggest some level of causality, because when the vitellogenin titre is experimentally reduced in commercial honeybees, workers shift their food loading away from pollen, resulting in significantly heavier nectar loads (Nelson et al. 2007) .
The association between worker behavioural variation and reproductive physiology was addressed in the ovarian ground plan hypothesis (OGPH) of West-Eberhard (1987 , 1996 . The OGPH was proposed to account for reproductive division of labour between queens and workers, and later 'age polyethism', a correlation between behaviour and chronological age that is seen in the worker caste of many social insects in which young females remain on the nest while older workers leave the nest on foraging trips (WestEberhard 1987 (WestEberhard , 1996 . Here, this age-associated behavioural progression is influenced by ovary development and juvenile 
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